Abstract Multi-color light curves of V1197 Her were obtained with the 2.4 meter optical telescope at Thai National Observatory and the Wilson-Devinney (W-D) program is used to model the observational light curves. The photometric solutions reveal that V1197 Her is a W-subtype shallow contact binary system with a mass ratio of q = 2.61 and fill-out factor to be f = 15.7 %. The temperature difference between the primary star and secondary star is only 140K in spite of the low degree of contact, which means that V1197 Her is not only in geometrical contact configuration but also already under thermal contact status. The orbital inclination of V1197 Her is as high as i = 82.7
INTRODUCTION
Contact binaries, also known as W UMa type binaries, are typical interaction binaries in the Universe. The evolutionary scenario of contact binaries are quite different from singe stars due to the existence of common envelope surrounding component stars in contact binary systems. Over the past few decades, the photometric and spectrometric data on contact binaries are accumulating rapidly owe to the large sky survey projects such as the Optical Gravitational Lensing Experiment (OGLE) (Udalski et al. 1992) , the All Sky Automated Survey (ASAS) (Pojmanski 1997) , the Wide Angle Search for Planets (SuperWASP) (Street et al. 2003) , the Large Sky Area Multi-Object Fibre Spectroscopic Telescope (LAMOST) (Zhao et al. 2012; Qian et al. 2017 Qian et al. , 2019 and the Gaia mission (Gaia Collaboration et al. 2016 . Contact binaries are useful tools in study a wide range of astrophysical problems (eg. testing stellar evolution models, searching for peculiar stars) and is becoming more and more important.
V1197 Her is an EW type eclipsing binary with a period of P = 0.262680 days listed in the International Variable Star Index (VSX) (Watson et al. 2006) . The target has been neglected since it was discovered. Neither radial velocity nor light curve was presented before. Only surface effective temperature is derived by the Gaia mission, published by the Gaia Data Release 2 as T = 4973K. In the present work, we are going to study the contact binary V1197 Her thoroughly for the first time. Observations of complete light curves and mid-eclipse times are illustrated in Section 2. Analyses on its period variations are in Section 3. Modeling of light curves are in Section 4. Discussion and conclusion are made in the last section.
OBSERVATIONS AND DATA REDUCTION
The complete light curves of V1197 Her were obtained on 20 April 2016 , 25 April 2016 and 9 April 2019 with the 2.4 meter optical telescope at Thai National Observatory (TNO 2.4m), National Astronomical Research Institute of Thailand (NARIT). The field of view (FOV) is 16 × 16 square arc-minutes and a 4K × 4K CCD camera is equipped in the terminal (Soonthornthum 2018). JohnsonCousins' BVR C I C filters were used during the observations. All observational images were reduced with the Image Reduction and Analysis Facility (IRAF) (Tody 1986 ). UCAC4 592-055825 and UCAC4 592-055831 in the same FOV were selected as the Comparison (C) star and Check star (Ch) as differential photometry method was adopted to determine the light variations of V1197 Her. Their coordinates in J2000.0 epoch and V band magnitudes are listed in Table 1 . The observational light curves are displayed in Fig. 1 . The Heliocentric Julian Date (HJD) are converted to phases with the following equation:
The initial epoch used in Equation 1 was obtained in 9 April 2019 and parabola fit on the observed light minimum was performed. In all, we got two mid-eclipse times with the TNO 2.4m, which are listed in Table 2 . V1197 Her was also monitored by the 1 meter telescope (YNOs 1m) and the 60 centimeter telescope (YNOs 60cm) at Yunnan Observatories, Chinese Academy of Sciences. A total of two primary (p) minima and four secondary (s) minima were determined by the YNOs 1m and YNOs 60cm. The mideclipse times are also listed in Table 2 .
INVESTIGATION OF THE PERIOD VARIATION
The period of close binary is not always constant, especially for semi-detached binary and contact binary due to possible mass transfer between component stars. Thus, the O -C method is used to analysis the period variations of V1197 Her. All available mid-eclipse times are listed Table 3 .
Column 1 -HJD of the observed mid-eclipse times (HJD -2400000); Column 2 -primary (p) or secondary (s) mid-eclipse times; Column 3 -calculated cycle numbers from the initial epoch; Column 4 -the O − C values calculated from Equation 1; Column 5 -observational errors of mid-eclipse times; Column 6 -vis, pe and CCD refer to visual, photoelectric and Charge Coupled Device observations; Column 7 -the references; References: (1) BBSAG Bulletins 1 ; (2) Diethelm (2003) As displayed in Fig. 2 , the period of V1197 Her is not constant. Therefore, parabola fit is performed on the data and a new ephemeris is determined:
Min.I = 2458583.25417(±0.00006) + 0.26267695(±0.00000001) × E −9.28(±0.06) × 10
The newly determined ephemeris reveals that the period of V1197 Her is decreasing continuously at a rate of dP/dt = −2.58 × 10 −7 day · year −1 . 
MODELING THE LIGHT CURVES
V1197 Her is a newly reported eclipsing binary. Analyses of its light curves have been neglected and it is the first time that complete multi-color light curves are obtained. To get the physical parameters of V1197 Her, the Wilson-Devinney (W-D) program (Wilson, & Devinney 1971; Wilson 2012 ) is applied to model the light curves displayed in Fig. 1 . V1197 Her shows EW type light curves. Thereforce, Mode 3 for overcontact binaries is selected. Mean surface temperature of the secondary star (star 2) is fixed as T 2 = 4973K basing on the Gaia Data Release 2 (Gaia DR2) (Gaia Collaboration et al. 2016 , and the star eclipsed at primary minimum is assumed as primary star. The free parameters include mass ratio (q = M 2 /M 1 ), orbital inclination (i), modified dimensionless surface potential of star 1 (Ω 1 ), mean surface temperature of star 1 (T 1 ), bandpass luminosities of star 1 (L 1 ). As the light curve is asymmetric, the latitude, longitude, angular radius and dimensionless temperature factor for spot are also adjustable. At first, we run the W-D program with a fixed q value (q-search method) to find a proper mass ratio for the binary system. The results suggest that the best fit mass ratio is q = 2.60 as displayed in Fig.  3 . Then, we set mass ratio as a free parameter together with other parameters and give the initial value as q = 2.60 to find a convergent solution. The final solutions for all elements are listed in Table 4 and the theoretical light curves are plotted in Fig. 4 . The geometrical structure of V1197 Her at phase 0, 0.25, 0.50 and 0.75 are shown in Fig. 5 . The location of spot we added in star 2 is easily to be seen in Fig. 5 . And also, we have tried to set third light (l 3 ) as a free parameter when running the W-D program since tertiary components are commonly reported in contact binaries (Yang et al. 2016; Li et al. 2019 ). However, no convergent solution is acquired in that case. 
DISCUSSION AND CONCLUSION
The photometric solutions for V1197 Her are determined for the first time basing on the multi-color light curves obtained with the TNO 2.4m telescope. According to the results listed in Table 4 , V1197 Her is a W-subtype shallow contact binary with its mass ratio to be q = 2.61(4) and fill-out factor to be f = 15.7(9.2) %. The primary star (star 1) is 140(5)K hotter than the more massive secondary star (star 2). V1197 Her has a very high orbital inclination (i = 82.7
• ) and the geometrical structure at Phase = 0 (Fig. 5) shows that the primary star is totally eclipsed by the secondary star, which means that V1197 Her is a completely eclipsing binary system and the determined parameters in Table 4 are very reliable (Terrell & Wilson 2005; Li et al. 2018; He et al. 2019) . Basing on the mean surface temperature of star 2 (T 2 = 4973K), its mass is estimated to be M 2 = 0.77(2)M ⊙ (Cox 2000). Then, the masses, radii and luminosities of the two component stars in V1197 Her are calculated, which are listed in Table 5 . And the orbital semi-major axis of this binary system is calculated to be a = 1.76(2)R ⊙ . The evolutionary status of the primary star and secondary star are plotted in the Hertzsprung-Russell (H-R) diagram (Fig.  6) , which implies that the secondary star is still a main sequence star while the primary star has evolved away from the main sequence stage. The period variations of V1197 Her is revealed to be decreasing continuously at a rate of dP/dt = −2.58 × 10 −7 day · year −1 , which may due to the mass transfer from the more massive star (star 2) to the less massive one (star 1) (He et al. 2016; Liao et al. 2019) . The mass transfer rate is estimated to be (Qian et al. 2014; Xiao et al. 2016; Li et al. 2017) . Some interesting characteristics of the O'Connell effect are reported recently. The O'Connell effect appeared on UCAC4436-062932 in a very short timescale (Zhou et al. 2016 ) and the O'Connell effect even changed from a negative one to a positive one or otherwise (Zhou et al. 2018; Zhou, & Soonthornthum 2019) . Compared with the O'Connell effect on early-type contact binaries, the magnitude differences (Max I -Max II) of the O'Connell effect on late-type contact binaries is much smaller, usually less than 0.04 mag (Pribulla et al. 2011) . The formation and evolution of contact binaries is still an open issue. They may evolve from initially detached binary systems due to angular momentum loss (Bradstreet, & Guinan 1994; Li et al. 2007) . Contact binaries are classified into A-subtype or W-subtype systems Binnendijk (1970) . Li et al. (2008) thought that there was no evolutionary difference between A-subtype and W-subtype systems, and A-and W-subtype systems might be just in different stages of thermal relaxation oscillation(TRO). However, Yildiz, & Dogan (2013) claimed that initial masses of the secondary star in a binary system is the key factor to affect its evolutionary status. Binary systems with initial masses of the secondary stars higher than 1.8(±0.1)M ⊙ will evolve into A-subtype contact binaries while binaries with initial masses lower than this evolve into W-subtype systems. Therefore, more and more observations and analyses on both A-and W-subtype contact binary systems are needed to understand the formation mechanism of W UMa-type contact binaries. 
